Levels of high density lipoprotein cholesterol (HDL-C) and apolipoprotein A-I (apo
L evels of both apolipoprotein A-I (apo A-I), the principal protein component of HDL, and high density lipoprotein cholesterol (HDL-C) are inversely related to coronary artery disease. 1 ' 2 Decreased levels of HDL-C or apo A-I, or both, have also been found in first-degree relatives of persons with cardiovascular disease. 3 "" 6 Furthermore, levels of HDL-C and apo A-I may provide independent information concerning cardiovascular disease risk. 3 ' 5 " 9 Because serum lipids and lipoprotein cholesterol fractions are important in even the earliest stages of atherosclerosis, 10 it is important to identify characteristics associated with HDL-C and apo A-I levels in children.
Epidemiologic studies in large populations have examined factors related to HDL-C levels in adults, 1112 and analogous relationships with HDL-C levels in children and adolescents have been documented. Decreased HDL-C levels in early life are associated with obesity, cigarette smoking, sexual maturation (and endogenous testosterone levels) in males, and plasma levels of insulin; in contrast, moderate alcohol consumption and oral contraceptive use are related to increased levels of HDL-C. 13 " 18 However, characteristics related to levels of apo A-I have been identified in only a few studies of adults. 19 " 23 Because levels of HDL-C and apo A-I are only moderately associated with reported correlation coefficients ranging from 0.4 to 0 8 23-26 f a c t o r s associated with levels of HDL-C and apo A-I may differ.
The purpose of the current study was to contrast the cross-sectional relationships of HDL-C and apo A-I with various characteristics in a large, biracial (black-white) population of 5-to 17-year-olds. Relationships with age, sexual maturation, sex hormones (testosterone, estrogen, and progesterone), obesity, insulin, glucose, cigarette smoking, alcohol consumption, and oral contraceptive use were examined in both bivariate and multivariable analyses.
Methods

Population
The Bogalusa Heart Study is a long-term, epidemiologic study of cardiovascular disease risk factors from birth through early adulthood. 17 The sample of fasting 5-to 17-354 year-olds (n = 2849) included in these analyses has been previously described. 26 An additional 22 (0.8%) children were excluded from the current analyses due to missing values for subscapular skinfold thickness, insulin, glucose, or Tanner Stage, resulting in a final sample size of 2827.
General Examinations
Children fasted for 12 hours before examination, and compliance was determined from an interview with the child. Ponderal index (kg/m 3 ) and subscapular skinfold thickness were used as measures of obesity. (Ponderal index, rather than Quetelet index [kg/m 2 ] was used as a measure of relative weight because it shows a much smaller correlation with height in children [r= -0.07 vs. 0.59] but is highly correlated (r = 0.75) with subscapular skinfold thickness.) Sexual maturation, ranging from prepubescence (1) to complete development (5) (based on female breast or male genitalia appearance), was assessed by a physician according to the ratings of Tanner. 27 Based on a 10% sample of replicate measurements by the same observer, intraclass correlation coefficients for these measurements were 0.98 (subscapular skinfold thicknesses), 0.89 (genitalia), and 0.84 (breasts).
Cigarette smoking habits were assessed in the third grade and above by questionnaire, and alcohol intake was similarly ascertained in grades 7 through 12. Dichotomous smoking (< one cigarette per week, > one cigarette per week) and drinking (< one drink per week, a one drink per week) categories were used in most analyses. Girls in grades 7 though 12 were also asked about their use of oral contraceptives; formulations were classified according to both dosage and potency of their estrogen and progestin components.
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Alcohol and oral contraceptive data were not validated. Plasma thiocyanate determinations, however, were used to confirm the self-reported smoking data. Thiocyanate levels were moderately related to the number of weekly cigarettes, with correlation coefficients ranging from 0.36 (white females) to 0.42 (black males). Mean thiocyanate levels showed a strong gradient across categories defined by the number of weekly (0, 1 to 19, 20 to 59, and == 60) cigarettes, increasing from 37 (SD = 20) to 55 (SD = 33) to 78 (SD = 30) to 101 (SD = 52) /xM/l.
Laboratory Analyses
The levels of serum total cholesterol and triglyceride were measured with an AutoAnalyzer II using protocols developed by the LJpid Research Clinics. 30 (The Core LJpid Laboratory has been standardized by the Centers for Disease Control in Atlanta, and is monitored by a surveillance program.) As previously described, 26 serum lipoprotein cholesterol fractions were analyzed by a combination of heparin-calcium precipitation and agar-agarose gel electrophoresis; 31 the levels of apo A-l were measured using an electroimmunoassay procedure. 32 Reproducibility of these measurements, as assessed by intraclass correlation coefficients, was 0.89 (HDL-C) and 0.84 (apo A-l).
Plasma glucose was determined using a Beckman glucose analyzer, and plasma insulin determinations were performed by radioimmunoassay using the Phadebas Insulin Kit. 18 Sex hormone levels were measured in a sample of 10-to 17-year-olds as previously described. 16 (Because of the marked variation in levels of estrogen and progesterone during the menstrual cycle, only values from boys (272 whites, 243 blacks) were used in the current analyses.) Testosterone and progesterone levels were quantified using commercial radioimmunoassay kits prepared by Immuchem Corporation, Carson, California. Estradiol was measured by a radioimmunoassay procedure with rabbit antiserum and a 125 l-labelled antigen using a double antibody technique. Intraclass correlation coefficients for these analyses were 0.86 (glucose), 0.91 (insulin), 0.92 (testosterone), 0.79 (progesterone), and 0.67 (estradiol).
Statistical Methods
In several analyses, persons were divided into two age groups: 5-to 9-year-olds and 10-to 17-year-olds. Of the younger children, 96% (573/598) of the boys and 93% (591/639) of the girls had not begun sexual development as assessed by Tanner Stage.
As background information, the mean levels of HDL-C, apo A-l, and the covariates (age, Tanner Stage, ponderal index, subscapular skinfold thickness, smoking, alcohol consumption, oral contraceptive use, and levels of triglyceride, insulin, and glucose) are shown. HDL-C and apo A-l levels were then related to the levels of obesity, insulin, and glucose using Pearson correlation coefficients. Corresponding partial correlation coefficients controlling for triglyceride levels were also calculated. Levels of both HDL-C and apo A-l were regressed on smoking, alcohol consumption, and oral contraceptive use; the results are presented graphically. Differences in the relationship of HDL-C and apo A-l with the covariates were assessed in multivariate regression models. 33 The independent association of HDL-C and apo A-l levels with each characteristic was then estimated and tested for statistical significance using multiple linear regression analyses. Separate models were fit for each race, sex, and age group. For ease of presentation, an additional table that contains only statistically significant (p< 0.05) associations is presented, and standardized regression coefficients were used to assess the relative strengths of the predictor variables irrespective of units of measurement. Independent associations of HDL-C and apo A-l levels with endogenous levels of testosterone, estradiol, and progesterone were also examined in the sample (n = 515) of 10-to 17-year-old boys with sex hormone determinations. Table 1 presents the mean levels of HDL-C, apo A-l, and other selected variables according to race and sex. (The mean levels of other serum lipids have been previously reported. 26 ) As compared with whites, blacks had higher levels of HDL-C and apo A-l (boys only), but lower levels of serum triglyceride (p< 0.001 for all differences). White boys were also more obese and were more likely to consume alcohol than were black boys. As compared with black girls, white girls were less sexually mature (and less likely to use oral contraceptives) and had lower insulin levels, but higher levels of glucose. Values given are mean ± standard deviation except for smoking, drinking, and oral contraceptive use, which are percents.
Results
•Restricted to 10-to 17-year-olds. I/Measured in third grade and above. Measured in seventh grade and above.
Associations of HDL-C and apo A-l levels (both before and after adjustment for serum triglycerides) with obesity, insulin, and glucose are shown in Table 2 . Before adjustment, both ponderal index and subscapular skinfold thickness were more strongly (inversely) related to levels of HDL-C than to apo A-l. (Multivariate tests indicated that in the older age group, both measures of obesity were more strongly related to levels of HDL-C than apo A-l, p < 0.001.) In contrast, insulin showed similar associations (inverse) with levels of both HDL-C and apo A-l. Levels of plasma glucose were not consistently related to levels of either HDL-C or apo A-l. Similar associations were seen in most race-sex subgroups; however, neither HDL-C nor apo A-l levels in black females were influenced by obesity (data not shown).
Controlling for triglyceride levels by partial correlation analyses eliminated the associations of HDL-C with obesity and insulin. In contrast, the relationships with apo A-l were only slightly altered. The levels of fasting serum triglyceride were strongly related to levels of HDL-C but not apo A-l (r = -0.52 vs. -0.09).
The independent effects of cigarette smoking, alcohol consumption, and oral contraceptive use on levels of HDL-C and apo A-l were examined using linear regression models to control for age and subscapular skinfold thickness (Figure 1) . Levels of HDL-C and apo A-l were similarly related to smoking and alcohol intake: smokers had decreased apo A-l levels ( -2 mg/dl, males; -7 mg/dl, females), and persons consuming alcohol had increased apo A-l levels ( + 5 mg/dl, males; +7 mg/dl, females). In contrast, oral contraceptive use (by seven whites and 25 blacks) showed different associations with HDL-C and apo A-l, particularly in blacks (p< 0.001). Oral contraceptive use was related to elevated levels of apo A-l ( + 4 mg/dl, whites; +14 mg/dl, blacks), but with decreased levels of HDL-C in both whites ( -7 mg/dl) and blacks ( -4 mg/dl).
The observed racial difference in the effects of oral contraceptive use was probably due to a greater use of high- estrogen formulations by blacks. Of the 25 black girls who used an oral contraceptive, eight used a formulation with a very high estrogen content (Ortho-Novum 2 mg:0.10 mg mestranol); these girls had higher mean levels of both HDL-C (+ 9 mg/dl) and apo A-l ( + 34 mg/dl) than did black girls who were not using oral contraceptives. In contrast, only one (of seven) white girls was using a high-estrogen formulation, and three were using formulations containing 0.035 mg mestranol or less. The use of a high-progestin formulation (Lo/Ovral) by three girls was associated with decreased ( -1 5 mg/dl) levels of HDL-C.
Multiple regression equations were then used to examine the simultaneous associations of HDL-C and apo A-l with all covariates. In general, the various characteristics tended to be more strongly related to levels of both HDL-C and apo A-l in whites (Table 3 ) than in blacks (Table 4) , and in older as compared with younger children. Although most of the previously observed bivariate relationships were also present in these multivariable analyses, not all associations reached statistical significance. Overall, the predictor variables accounted for more of the variation (fl 2 ) in levels of HDL-C, as compared with apo A-l. (R 2 values reached a maximum of 16% for HDL-C levels in older white boys.)
For ease of presentation, the standardized regression coefficients for the independent variables that were related at the 0.05 level to levels of HDL-C and apo A-l in 10-to 17-year-olds are shown in Table 5 . (Shown in parentheses are regression coefficients of predictor variables that were statistically significant after including serum triglyceride levels in the models.) Tanner Stage was inversely associated with levels of both HDL-C and apo A-l in white boys, but showed a positive association with HDL-C levels in girls. In whites, increases in subscapular skinfold thickness more strongly corresponded to decreases in levels of HDL-C, The Bogalusa Heart Study. The linear regression analyses were restricted to children in the seventh grade and above and were controlled for age and subscapular skinfold thickness. Cigarette smoking, alcohol consumption, and oral contraceptive use were coded as dichotomous variables. than with apo A-l. However, accounting for serum triglyceride levels eliminated the association between HDL-C and subscapular skinfold thickness. Insulin showed roughly equivalent negative associations with both HDL-C and apo A-l, and glucose levels were positively associated with levels of both HDL-C and apo A-l only in white girls. Smoking, alcohol consumption, and oral contraceptive use were significantly related to the dependent variables in only certain subgroups, although most trends were in the expected directions.
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In general, the addition of serum triglyceride levels to the regression models greatly increased the prediction of HDL-C levels in whites, with multiple fl 2 rising above 0.4. In contrast, the addition of triglyceride did not improve the prediction of HDL-C levels in blacks, nor did it improve the estimation of apo A-l levels.
Further analyses restricted to the approximately 60% sample of 10-to 17-year-old males with sex hormone determinations were performed to assess the independent relationships of the endogenous sex hormones to levels of HDL-C and apo A-l. (Testosterone levels were strongly related to Tanner Stage [ r = 0.83].) After controlling for triglyceride, obesity, insulin, glucose, smoking, and alcohol consumption by linear regression, testosterone levels remained significantly associated with levels of both HDL-C and apo A-l in white male adolescents: standardized regression coefficients were -0 . 1 1 (p = 0.04) and -0.24 (p = 0.0007), respectively. In contrast, testosterone levels were not related to either HDL-C or apo A-l levels in black boys. Neither estradiol nor progesterone levels showed a significant association with HDL-C or apo A-l levels in either race.
Discussion
Although previous studies 11 " 18 have examined factors associated with HDL-C levels, only a relatively few studies of adults 1 *" 23 have assessed the characteristics related to apo A-l levels. Since levels of HDL-C and apo A-l were only moderately correlated, 23 " 28 the possible differences in their relations with the covariates were examined in the current, cross-sectional study of 5-to 17-year-olds. The current findings indicate that both obesity and oral contraceptive use show dissimilar (p< 0.001) relationships with levels of HDL-C and apo A-l. The stronger (inverse) relationship between obesity and levels of HDL-C (vs. apo A-l) was probably due to the interrelationship of obesity, triglyceride, and HDL-C levels. In contrast, oral contraceptive use was more closely related to increased apo A-l levels. HDL-C and apo A-l were similarly related to sexual maturation, cigarette smoking, and alcohol consumption.
Obesity as determined by relative weight or skinfold thickness has been inversely correlated with levels of HDL-C in both children and adults.
11 ' 12 -14 ' 3435 Since HDL components are derived in part from catabolism of triglyceride-rich lipoproteins, this inverse relationship may be due to a reduced clearance of very low density lipoproteins in obese persons. 38 Patsch et al. 37 have shown that persons with low levels of HDL 2 -C and apo A-l show increased postprandial lipemia, and the observed variability in the currently examined relationships may be partly due to differences in the rate of fat clearance. Controlling for triglyceride levels in the current study eliminated the association between obesity and HDL-C.
Furthermore, triglyceride levels are more strongly (inversely) related to levels of HDL-C, as compared with apo A-l, 21 ' 26 probably because of the protein-mediated exchange of triglyceride and cholesteryl ester between lipoprotein particles. 38 Therefore, decreases in levels of HDL-C (vs. apo A-l) would be expected to correspond more closely to obesity-related increases in triglyceride levels. In agreement with the current findings, Donahue et al. 23 found that weight/height 2 was inversely related to lev-els of HDL-C but not apo A-l in young men. The currently observed, inverse relationship between levels of insulin and HDL-C may also be related to elevated levels of very low density lipoproteins due to decreased lipoprotein lipase activity. 13 Estrogen and progestin components of oral contraceptives affect HDL levels differently: high-estrogen formulations are associated with increases in both HDL-C and apo A-l levels, whereas high-progestin formulations are associated with decreased HDL-C levels. 2128 In the current study, although only a small number of adolescent girls (7 whites and 25 blacks) reported using oral contraceptives, the influence of oral contraceptives existed independently of cigarette smoking, alcohol consumption, obesity, and other characteristics. Furthermore, girls using high-estrogen oral contraceptives showed the largest increases in levels of both apo A-l and HDL-C. Previous studies 212339 have shown that use of either estrogens or oral contraceptives is more strongly related to increased levels of apo A-l rather than of HDL-C.
The inverse relationship of sexual maturation with HDL-C levels in white adolescent boys has been well documented 404142 and is likely due to increasing levels of testosterone during puberty. 16 The current study shows that the inverse relationship of testosterone levels to both HDL-C and apo A-l levels exists independently of other covariates. However, the influence of sexual maturation on levels of HDL-C and apo A-l is weaker in black, as compared with white, boys; higher levels of estradiol in black boys may partially account for this racial interaction. 16 Analogous black-white differences in the associations of HDL-C levels with sexual maturation were observed in data from the 1976-77 survey in Bogalusa. 42 Moderate alcohol consumption raises the levels of both HDL-C and apo A-l 2 0 2 2 probably because of enhanced hepatic synthesis and secretion. 43 Adolescents consuming alcohol in the current study showed consistently higher levels of both HDL-C and apo A-l. Although alcohol intake (ml/week) and the number of weekly cigarettes are interrelated (r = 0.15 in the present study), persons who smoked cigarettes showed decreased levels of both HDL-C and apo A-l independently of alcohol intake. The adverse effect of cigarette smoking on HDL-C and apo A-l levels has been well documented.
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Although the factors associated with HDL-C levels have been extensively studied, recent evidence indicates an important and possibly independent role of apo A-l in the development of cardiovascular disease. 3 ' 5 " 9 The current study shows that although several of the previously identified characteristics related to HDL-C levels also influence apo A-l similarly, the effects of obesity and oral contraceptives are substantially different. Knowledge of the determinants of HDL-C and apo A-l levels may lead to a decrease in excess cardiovascular disease risk.
